Thirty-eight women having caesarean section under epidural anaesthesia received either lignocaine 2% or bupivacaine 0.5% both with adrenaline 1:200,000 in a double-blind, randomised study. The time to establish satisfactory surgical anaesthesia, the volume required and the quality of analgesia as assessed by the anaesthetist, patient pain and discomfort scales and patient approval, were not significantly different. Motor block assessed by the Bromage and RAM-test was greater in the lignocaine group but surgical opinion of abdominal wall relaxation was not significantly different between groups. The bupivacaine group had significantly longer durations of sensory and motor block while the lignocaine group had a higher incidence of maternal shivering, other complication rates being similar. Neonatal outcomes were uniformly good. Both local anaesthetics provided satisfactory epidural anaesthesia and neither proved to have a distinct advantage in the clinical setting of this study.
Although epidural anaesthesia is often chosen for caesarean section, I both the technique and local anaesthetic used vary geographically and with the individual anaesthetist's preference. 2 ,3 Reasonable agreement exists however as to the desirable features of epidural anaesthesia. These include a rapid onset of surgically satisfactory blockade (sensory block from S5 to at least T6); a low incidence of visceral discomfort and nausea; and relaxation of the abdominal wall musculature. 4 In addition, the technique and management of the epidural should have a low rate of complications (especially maternal hypotension) and ensure maternal and foetal safety with good neonatal outcomes. Of the local anaesthetics currently available in Australasia which are suitable for obstetric use, the most popular for epidural caesarean section are lignocaine and bupivacaine. There appears to be no consensus of opinion however as to which, if either, is preferable and there has been no detailed comparative study reported in the literature.
The use of adrenaline-containing solutions in obstetrics remains controversial, especially in the presence of pregnancy-induced hypertension or uteroplacental insufficiency. 5 However, the addition of adrenaline to doses of lignocaine required for epidural anaesthesia for caesarean section may be of value to improve the quality of analgesia and motor block, reduce the risk of systemic toxicity and limit placental transfer. 6 -9 As adrenaline absorbed from the epidural space probably has no significant effect on intervillous blood flOW'O", or neonatal outcome,6,8,12 its addition to therapeutic doses ofbupivacaine has also been recommended to help detect inadvertent intravascular injection, reduce plasma levels and protect from the risk of cardiotoxic systemic reaction. 3,5,9. PATIENTS AND METHODS Forty-two healthy women at term with no medical or obstetric complications who consented to epidural anaesthesia for caesarean section were studied. They included elective cases and those in labour where the epidural was established immediately prior to surgery. The study was approved by the Hospital Ethical Committee and informed consent obtained from all women. Patient characteristics of height, weight, parity, elective or in-labour caesarean and prior administration of pethidine were recorded. Each woman was assigned to receive a coded ampoule containing 20 ml (with provision for a second ampoule if required) of either drug A (2% lignocaine with adrenaline 1 :200,000) or drug B (O.S% bupivacaine with adrenaline 1 :200,000) independently prepared and randomised by the hospital pharmacy.
Epidural management was standardised based on an incremental top-up technique. 13 . 15 All elective cases received ranitidine ISO mg orally at least two hours prior to surgery and all cases magnesium trisilicate mixture 30 ml orally plus metoclopramide 10 mg intravenously within thirty minutes prior to surgery. 16 A fluid preload of crystalloid solution (Plasmalyte) SOO ml and polygeline (Haemaccel) SOO ml '7 was administered intravenously during the insertion of a 16 gauge epidural catheter to a maximum of 3 cm at the L2-3 or L3-4 interspace, using a midline approach with loss of resistance to saline and the woman in the left lateral position. This position was maintained throughout preparation and left lateral tilt used during surgery.18 At four minutes from the injection of a test dose of 3 ml, a further 10 ml of local anaesthetic was administered slowly over two minutes provided there had been no evidence of intravascular or subarachnoid catheter placement. If required the block was augmented further at IS, 30 and 4S minutes from the test dose, the volume based on approximately 1.S ml per unblocked segment below TS '9 until sensory block from SS to TS was achieved.
Blood pressure was monitored five minutely from the test dose using an automated blood pressure machine and hypotension (defined as a fall in systolic arterial pressure of more than 30 mmHg from baseline level or a recording of less than 100 mmHg) corrected by change of position, increased fluid infusion and small boluses (S-1O mg) of intravenous ephedrine if necessary. 20 The foetal heart was auscultated intermittently and all women received supplemental oxygen via face mask until deli very21 and five units of oxytocin (Syntocinon) intravenously at delivery. 2 Sensory block was tested by loss of sensation to cold,22 checking two minutely from the test tube dose until blocking T 1 0 dermatome bilaterally, then five minutely until IS minutes or until SS to TS was blocked bilaterally. The onset of surgical anaesthesia was defined as the interval between completing injection of the test dose and spread of sensory block from SS to TS. The duration of sensory block was defined as the interval from time of surgical anaesthesia to the first postoperative analgesia requirement. The quality of intraoperative analgesia was graded by the anaesthetist on a four-point scale as: 3 (excellent, no discomfort); 2 (good, minimal and transient pain or discomfort); 1 (fair, moderate or persistent pain or discomfort requiring supplementation with inhalation (nitrous oxide) or intravenous opioid analgesia); 0 (failed, severe pain requiring conversion to general anaesthesia). During a postoperative interview at twentyfour to forty-eight hours, each woman was asked to quantify firstly the maximum intraoperative pain and secondly, discomfort, on separate 10 cm linear analogue scales;23 and asked whether she would have a further caesarean section under epidural anaesthesia.
At the time of surgical anaesthesia motor block was assessed using a four-point Bromage scale 24 graded: 3 (complete block, no leg movement); 2 (almost complete block, able to move feet only); 1 (partial block, just able to flex knees; 0 (no block, full flexion of hips and knees). Also abdominal wall strength was assessed on a six-point scale, the RAM-test,2s graded: 5 (100% block, no palpable tension on attempting to sit up from supine); 4 (80% block, increase in tension only); 3 (60% block, able to lift shoulders); 2 (40% block, able to elevate scapulae); 1 (20% block, able to sit extending arms); 0 (no block, sits up hand behind head). During wound closure the surgeon was asked to grade the relaxation of the anterior abdominal wall musculature on a three-point scale: 2 (excellent); 1 (satisfactory); 0 (unsatisfactory). The duration of motor block was defined as the interval from time of surgical anaesthesia to the return of the ability to perform a straight-leg raise bilaterally.
Maternal complications of hypotension, nausea, vomiting, shivering and postoperative bladder dysfunction (all cases had urinary catheters removed at two to three hours postoperatively) were recorded. The skin incision to delivery (S-D) and uterine incision to delivery (V-D) intervals were noted and neonatal condition assessed by a paediatrician also unaware of the local anaesthetic used, by means of Apgar scoring at one and five minutes and the time to sustained respiration (TSR).
Data were analysed using descriptive statistics (mean and standard deviation (SD» and comparisons between the two groups made using t-tests (patient characteristics, volume of local anaesthetic, onset of surgical anaesthesia, duration of sensory and motor block, incision-delivery intervals, TSRs), Wilcoxon Rank Sum tests (quality of analgesia, degree of motor block, pain, discomfort and Apgar scores) and Fisher's Exact test (parity, maternal complications). Correlation coefficients were calculated for comparison of assessment methods and for all results a P-value of < 0.05 was considered statistically significant.
RESULTS
Four cases were eliminated from the study prior to surgery due to impending vaginal delivery (three cases) and a request for general anaesthesia due to severe anxiety despite an apparently adequate epidural block (one case). Of the thirty-eight analysed results, eighteen were in the lignocaine group and twenty in the bupivacaine.
Patient characteristics
Details of patient characteristics are shown in Table 1 . There was no significant difference between groups with respect to age, height or weight, or elective caesareans and one woman from each group had received pethidine prior to epidural anaesthesia. There were, however, a significantly greater number of women with previous pregnancies in the bupivacaine group (P= 0.047). 
Drug, volume, onset and duration of block
The volume of local anaesthetic used, the onset times and the duration of sensory and motor block are shown in Table 2 . The mean volume administered, the onset of initial sensory block at T 1 0 and the time of spread from SS to T5 were not significantly different between groups. The durations of both sensory and motor block were significantly longer in the bupivacaine group (P= 0.011 and 0.002 respectively). The mean duration of sensory block in the bupivacaine group was almost 40% greater than that of the lignocaine and the mean duration of motor block 65% greater.
Quality of analgesia
The quality of analgesia provided by the sensory block is shown in Table 3 and Figure  I . There was no significant difference between groups with respect to the quality of intraoperative analgesia as assessed by the anaesthetist, patient pain and discomfort scores and willingness to have epidural anaesthesia again for a subsequent caesarean section. Analgesia was noted as excellent or good in 63% of all cases, with supplementary analgesia required in the other 37%. Mean pain scores were low, discomfort scores moderate and 90% of the women were apparently satisfied with their epidural anaesthesia. A correlation existed between all methods of assessment although this reached statistical significance only in a negative correlation between the quality of analgesia as assessed by the anaesthetist and pain perceived by the patients in the bupivacaine group (P < 0.05). 
Quality of motor block
The quality of motor block is shown in Figures 2, 3 and 4 . The lignocaine group had a significantly greater degree of motor weakness as assessed by the Bromage test (P= 0.006) and also by RAM test (P = 0.008). The block was considerable in both groups, with 100% of the lignocaine group and 75% of the bupivacaine group having a block of 60% or more on the RAM-test. There was no significant difference between the groups, however, in the degree of abdominal wall relaxation as assessed by the surgeons, who considered it to be excellent or satisfactory in over 85% of cases. There were no significant correlations between any of the three assessment methods.
Maternal complications
The incidence of maternal complications is shown in Table 4 . There were no significant differences between groups in the incidence of hypotension (18% overall) nausea (21 %) and vomiting (2.5%). There were no cases of urinary retention postoperative1y. However a significantly larger number of women in the lignocaine gr0I:lP experienced shivering, (p= 0.004), WhICh occurred in 47% of all cases.
Neonatal condition
Incision-delivery intervals and neonatal outcome are shown in Table 5 . There were no significant differences between groups with respect to S-D or U-D intervals, Apgar scores at one and five minutes and TSRs. Mean S-D intervals were less than ten minutes and U-D intervals two minutes and TSRs less than or equal to one minute in 85% of cases. Two neonates, one from each group, had low Apgars at birth but at five minutes all Apgar scores were seven or greater. Although more rapid onset and epidural spread has been claimed and reported for lignocaine 2% with adrenaline compared with bupivacaine 0.5% with adrenaline,2,29 several studies have shown no significant difference. 6 ,30,31 The findings of this study are in agreement with the latter reports, both onset of sensory block initially and time to surgical anaesthesia being very similar in both groups. At a little greater than 30 minutes, the time for spread from S5 to T5 compares favourably with other series: however many factors may influence the latency of these two drugs in this setting, including concentration, the presence of adrenaline, carbonation, pH adjustment and technique. 15, 32 The local anaesthetics used in this study were of high concentration, the hydrochloride salts, adrenaline-containing and commercial preparations of lower pH than plain solutions to which adrenaline may be freshly added. An incremental technique, which has been advocated to reduce the potential risks of a large initial dosage,IS,33,34 was used in an attempt to compromise between expediency in establishing blockade and the production of safe, subtOxic plasma drug levels. 15 The mean total volume of drug required was similar at just over 20 ml and was well within the maximum recommended dose for both drugs,9 indeed somewhat lower than other studies using a similar technique. 15,28,29,33 The range, however, was large in both groups (minimum 13 ml, maximum 34 ml) emphasising the large number of factors influencing the spread of epidural solutions. 3s
As anticipated from clinical experience and their pharmacological properties,32 the duration of both sensory and motor block was substantially longer in the bupivacaine group. Prolonged sensory blocks have been reported following epidural bupivacaine 36 and in this study adequate analgesia persisted for over five hours in 65% of the bupivacaine group (and over ten hours in 15%) compared to 28% (and for ten hours in none) in the lignocaine group. A longer duration of initial postoperative analgesia may be advantageous if local anaesthesia is continued for pain relief although an alternative method such as the epidural administration of opioids is equally effective, better accepted and allows early ambulation. 37 The increased duration of motor block with bupivacaine resulted in 55% of the group being unable to straight-leg-raise at five hours compared with only 6% of those who received lignocaine. This is a disadvantage as it may restrict early mobilisation and be a disconcerting feature of the immediate postoperative period for the mother.
Intraoperative analgesia of high quality is important for the mother's (and her partner's) wellbeing, satisfaction and early motherinfant bonding. Both drugs proved to be satisfactory with no significant difference between them on any method of assessment. Although 37% of the cases were given supplementary analgesia, most commonly during stimulation of the tubes and ovaries or suturing of the peritoneum, in only 5% was this necessary prior to the birth in contrast to 12-15% reported elsewhere. 38 This overall result is consistent with, albeit apparently less satisfactory than, the results achieved using similar techniques but often larger doses. 13, 28, 29, 33, 39 The considerable variation in the reported efficacy of epidural anaesthesia for caesarean section probably reflects differences in the level of sensory block, assessment criteria, population groups and observer variability. Fifteen per cent of the women recorded a maximum pain score of greater than five. However, this was usually transient and in no case was it necessary to abandon epidural for general anaesthesia. In both groups mean pain scores were low and discomfort scores moderate, the latter presumably reflecting the contribution of a number of so called 'minor' factors such as the sensation of pressure, concurrent nausea, shivering, the desire to move and so on. Nevertheless 90% were sufficiently satisfied with their experience to be willing to have epidural anaesthesia again for a subsequent caesarean section. Ofthe four women who were not, three had pain or discomfort scores at the upper end of the scale and the other did not wish to be awake.
Considerable motor block is desirable for lower abdominal surgery and while both drugs at the concentration used are generally regarded as satisfactory, the degree of relaxation required is difficult to quantify. The Bromage test2 4 is widely used to assess motor block during epidural anaesthesia and assesses mobility to provide information regarding muscular force in the leg, these lower limb muscles being innervated via spinal segments T 12 to S2. More recently a test of rectus abdominus function, the RAM test,25 has been described, which assesses motor block in nerve segments T5 to T12. This also includes the nerve supply of other abdominal muscles. In both groups the degree of motor block was substantial, but significantly greater in the lignocaine group in both tests. However, this was not reflected in the surgeons' opinions of abdominal wall relaxation as on this evaluation there was no significant difference between groups. Satisfactory relaxation was present in 85% of cases and of those deemed unsatisfactory (five), two had had previous lower abdominal surgery and all five had greater than 60% block on RAM test. Although numbers were small, these results suggest that the more profound motor block with lignocaine 2% with adrenaline does not confer any significant advantage to the surgeon in operative access or closure. No significant correlation was found between the Bromage and RAM tests confirming a previous report. 25 Both these tests are quick and simple to perform and the Bromage method provides comparable results for maximum intensity of block to dynamometry, although it has been criticised since it may fail to describe a small degree of block and only changes in large steps. 40 As no significant correlations occurred between any of the three assessment methods, the suggestion that the RAM-test is more appropriate for the evaluation of motor block during epidural anaesthesia for caesarean section 25 was not corroborated.
Maternal complications may not only be disruptive and detract from the experience of childbirth but also have potentially adverse consequences for the foetus and even the mother. These problems include hypotension,41 shivering,42 nausea and vomiting. 43 Hypotension occurred in 18% of cases despite fluid preloading 44 and left lateral tilt. 18 The use of adrenaline-containing Anaesthesia and Intensive Care. Vol. 16, No. 2, May, 1988 solutions mayor may not contribute to transient maternal hypotension. 45 This incidence was higher than that using a similar regime l7 but is comparable with many other well conducted studies 6 . 14 ,26.29,33,39 and it may vary with the volume and type of fluid infused,17,46 the epidural technique and management l5 ,47 and the local anaesthetic employed,26 The argument concerning crystalloid versus colloid preloading continues 2 ,48,49 but it is agreed that early treatment of hypotension (including the vasopressor ephedrine)20 is most important to prevent alteration of neurobehavioural function, foetal heart rate changes, foetal acidosis and lower Apgar scores. 41 Ephedrine was administered in five of the seven cases of hypotension in this study. There was no significant difference between groups with respect to the incidence of hypotension which is consistent with their similar onset times, since differences in incidence with particular drugs are probably a function of the rapidity with which sympathetic block develops and not the drug per se. 26 Nausea occurred in 22% of all cases (with no significant difference between groups) despite routine preoperative metoclopramide,50 the avoidance of ergometrine,51 and prompt treatment of hypotensive episodes. 52 As previously reported it was most commonly associated with hypotension (presumably related to hypoxaemia in the vomiting centre) and maximal visceral or peritoneal traction,I,52 and indeed the only woman who vomited did so during a hypotensive episode and later recorded a high pain score. This incidence of nausea and of vomiting (2-5%) compares very favourably with other studies where rates as high as 40-50% have been reported. 14,15,28.29,50,53 The potential for further improvement may exist by extending the level of sensory block above T5,1 earlier treatment of falls in blood pressure 52 and the administration of low-dose droperidol after delivery. 54 The combined rate of shivering was 47% with a significantly increased incidence in the lignocaine group, a finding not previously reported, for which there is no obvious explanation. This incidence is similar to other reports in obstetric patients involving the epidural injection of room temperature solutions and the intravenous infusion of unwarmed fluids. 55 ,56 Despite being considered a minor side-effect, shivering is usually of early onset (within 15 minutes of epidural injection) and when severe may be most disruptive -in one large series it was the single most disconcerting symptom experienced in labour. 57 As it increases oxygen consumption up to 500%, increases cardiac work and demand on ventilation with decrease in POb it may lead to metabolic and respiratory acidosis and threaten women with decreased cardiac or pulmonary reserves or adversely compromise the foetus. 42 ,55.58 Various preventative measures have been tried with limited success. The high incidence and frequency with which it elicited spontaneous complaint in this study suggest that prophylaxis should be seriously considered, in particular the warming of intravenous and epidural fluids, which may delay the onset and reduce both the frequency and severity of the shivering significantly.55,59 Severe cases may be successfully treated post delivery with epidural pethidine. 60 Neonatal outcomes were uniformly good and while two neonates were severely depressed at birth, all subsequently had Apgar scores' greater than or equal to 7 at five minutes. In 85% TSRs were less than one minute, which is considered normal;53 and in several rhythmical respiration was delayed due to intubation and tracheal suction for prophylaxis of meconium aspiration syndrome. Prolonged induction or skin incision to delivery intervals are not important with regional compared with general anaesthesia and prolonged U-D intervals under epidural have not been correlated with poorer acid-base status and lower Apgars when up to three minutes. 61 In this study mean U-D intervals were two minutes and in those cases where it was over three minutes, all had initial Apgars of greater than seven. It must be appreciated however that TSR and Apgar scoring only measure significant neonatal depression and no attempt was made in this study to use more sophisticated and objective assessments such as cord umbilical arterial blood analysis or neurobehavioural scoring. Under wellconducted epidural anaesthesia the effects of local anaesthetics are, if detectable at all, subtle, transient, principally related to decreases in tone and of no clinical significance. 6-8.27,62-64 Despite prev ious reservations regarding the neonatal effects of lignocaine in particular, recent studies have shown that this drug also produces no or minimal alteration of neurobehavioural function 6 -8 . 62 and it is again considered acceptable for obstetric use. 2 . 3 In conclusion, both lignocaine 2% with adrenaline and bupivacaine 0.5% with adrenaline provided satisfactory analgesia and relaxation for epidural caesarean section with acceptably low maternal complication rates and good neonatal outcomes, but neither could be strongly recommended as more advantageous in this clinical setting of this study.
